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INTRODUCTION 

Pritchard  and  Cronin  (1971)  have  predicted  that  enlargement  of  the 

Chesapeake  and  Delaware  (C  and  D)  Canal,  from  8.2  m (27  ft)  by  76.2  (250  ft) 

to  10.7  m (35  ft)  by  137.2  m (450  ft),  will  result  in  increased  average 

~? 

maximum  tidal  velocities  of  about  0.69  m/sec  (2.28  ft/sec  ),  a factor  of 
1.23.  This  increased  flow,  along  with  natural  sediment  input  and  main- 
tenance dredging,  may  create  higher  suspended  sediment  loads  in  the  canal 
and  its  approaches. 

The  possible  ecological  effects  of  suspended  sediments  are  manifold. 

Briefly,  suspended  sediments  may  cause  an  increased  surface  for  micro- 
organism growth,  fewer  temperature  fluctuations,  chemical  adsorption  or 
absorption,  blanketing,  mechanical-abrasive  actions,  and  light  penetration 
reduction  (Cairns,  1968).  Sherk  and  Cronin  (1970)  have  pointed  out  that 
the  above  effects  have  been  little  studied  in  the  estuarine  environment. 

The  ecological  effects  of  suspended  sediments  on  fish  eggs  and  larvae 
may  be  of  prime  importance  to  the  C and  D Canal  area,  an  important  spawn- 
ing and  primary  nursery  area  for  a variety  of  estuarine  species  (Johnson, 

1972).  This  section  discusses  the  effects  of  suspended  sediment  on  the 
eggs  and  larvae  of  striped  bass  and  white  perch. 

Materials  and  Methods 

Suspended  sediment  assays  were  performed  using  an  apparatus  that 
basically  followed  the  design  of  Schubel,  Schiemer  and  Schmidt  (1972), 
except  that  we  used  a 25  RPM  motor  instead  of  an  18  RPM  motor  for  driving 
the  plate  and  we  did  not  use  the  feeder  reservoir.  The  build-up  of  waste 
products  (excretion  from  the  eggs  and  larvae  of  nitrogenous  wastes)  was 
nonsignificant  in  relation  to  the  egg:water  volume  ratio.  Behavior  of 
the  suspended  solids  in  our  tanks  basically  followed  the  type  of  variation 
noted  by  Schubel  et  al.  (1972)  in  their  tanks. 

79  09  10  087 


a 


2. 

The  sediment  used  in  all  of  our  experiments  was  collected  from  the 
western  end  of  the  canal  and  was  essentially  silt  and  clay.  Instead  of 
drying  the  sediment,  which  might  change  its  colloidal  nature,  it  was 
kept  hydrated.  To  ensure  dispersion  of  any  aggregates  that  might  have 
formed,  the  sediment  was  sonified  for  15  min  with  a Biosonik  IV  sonifier 
after  being  placed  in  the  sediment  chamber.  The  concentration  of  sediment 
was  measured  in  triplicate  for  each  tank  by  taking  aliquots  of  the  sus- 
pended sediment  and  filtering  it  through  pre-weighed  0.5  ^u  Nucleopore 
filter  membranes.  The  membranes  were  dried  over  silica  gel  for  48  hrs 
in  a desiccator  and  then  weighed.  The  coefficients  of  variation  for 
the  suspended  sediment  analyses  were  generally  less  than  one  per  cent. 

The  eggs  were  not  allowed  to  float  freely  in  each  exposure  bath 
but  were  incubated  in  plexiglas  cylinders,  the  bottom  of  which  were  covered 
with  fine  mesh  nitex  screen.  Larvae  were  also  assayed  in  these  cylinders. 

Each  sediment  tank  was  placed  in  a large  plexiglas  tank.  Temperature 
was  controlled  with  a Blue-M  portable  cooling  coil  and  a Braun  heater-cir- 
culator in  the  external  bath. 

The  effect  of  sediment  blanketing  on  white  perch  eggs  (an  adhesive 
demersal  egg)  was  studied  by  mixing  up  various  sediment  concentrations  and 
then  pouring  the  solution  over  white  perch  eggs  that  had  been  water-hardened 
in  TPX  dishes.  This  technique  allowed  us  to  prepare  triplicate  samples 
with  ease.  The  sediment  settled  uniformly  over  the  eggs  and  the  thickness 
of  the  sediment  was  easily  measured  with  a vernier  caliper  or  metric  rule. 
Triplicate  samples  for  a variety  of  sediment  thicknesses  were  incubated 
in  a large  bath  with  temperature  controls. 

Eggs  and  larvae  for  the  sediment  experiment  were  obtained  as  described 
in  Morgan  and  Rasin  (1973) . Eggs  and  larvae  were  scored  according  to  the 
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ranking  scale  used  in  temperature  and  salinity  experiments  (Morgan  and 
Rasin,  1973).  Per  cent  hatch  and  survival  were  determined  for  each 
sample.  Statistical  tests  were  from  Sokal  and  Rohlf  (1969). 

RESULTS 

Both  the  eggs  of  white  perch  and  striped  bass  are  resistant  to 
the  effects  of  suspended  sediments.  White  perch  eggs  were  exposed  to 
suspended  sediment  levels  ranging  from  50  to  5250  ppm  (Fig.  1).  Per 
cent  hatch  was  not  significantly  affected  over  the  range  of  sediment 
levels  tested  (Fig.  1).  However,  the  development  rate  of  the  white  perch 
eggs  was  significantly  (p  = 0.05)  slowed  at  sediment  levels  over  1500  ppm 
(Fig.  1).  At  5250  ppm,  the  developmental  rate  was  lowered  to  approxi- 
mately 65%  of  the  control.  The  developmental  rates  from  4000  - 5250  ppm 
were  significantly  lower  than  the  rates  from  2000  to  3250  ppm.  All  the 
development  rates  from  2000  to  3250  ppm  were  approximately  80  - 85%  of 
the  control  development.  These  lowered  developmental  rates,  at  higher 
sediment  levels,  delayed  hatch  of  the  white  perch  eggs  by  as  much  as  one 
day. 

The  hatch  of  striped  bass  eggs,  as  per  cent  of  control  hatch,  was 
not  significantly  affected  by  suspended  sediment  levels  ranging  from  20 
to  2300  ppm  (Fig.  2).  Striped  bass  hatch  at  sediment  levels  of  900  to 
1050  ppm  was  low  (42-52  per  cent  of  control  hatch) , but  the  standard 
deviations  for  each  point  of  three  replicates  was  about  35  per  cent  of 
the  mean.  Generally,  the  standard  deviations  for  all  of  the  other  points 
were  lower  than  15  per  cent  of  the  mean. 

Development  of  the  striped  bass  eggs  was  significantly  (p  = 0.05) 
lowered  at  sediment  levels  over  1500  ppm  (Fig.  2).  The  developmental 
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rate  was  lowered  to  approximately  807,  of  the  control  ranked  development. 

In  the  majority  of  experiments  with  both  white  perch  and  striped 

bass,  we  did  not  observe  sediment  sticking  to  the  eggs  until  sediment 

> 

levels  of  over  1000  ppm  were  reached.  This  may  be  an  artifact  of  the 
testing  equipment  or  our  preservation  techniques.  Even  at  2300  ppm  of 
sediment,  there  was  little  sediment  adhering  to  the  striped  bass  eggs. 
Generally,  white  perch  eggs  exposed  to  suspended  sediment  levels  over 
2000  ppm  had  more  adhering  sediment  than  did  the  striped  bass  eggs. 

White  perch  eggs  are  adhesive  and  demersal  (Mansueti,  1964). 
Consequently,  suspended  sediments  (which  do  not  seem  to  influence  per 
cent  hatch)  may  not  be  as  important  as  the  effect  of  deposition  of  sedi- 
ment on  eggs  that  had  recently  been  spawned.  White  perch  eggs  measured 
0.89  mm  from  the  field  and  0.92  mm  from  artificial  spawning,  with  ranges 
of  0.75  - 1.04  mm  (Mansueti,  1964).  We  found  a mean  diameter  of  0.86  mm 
for  artificially  spawned  white  perch  (Morgan  and  Rasin,  1973). 

We  will  use  the  value  of  0.90  mm  for  the  diameter  of  white  perch 
eggs.  Blanketing  of  white  perch  eggs  by  sediment  greater  than  2 mm  in 
thickness  (a  covering  of  1.2  mm  over  the  top  of  the  egg)  resulted  in 
100%  mortality  (Fig.  3).  Sediment  thickness  of  0.5  mm  to  1.0  mm  also 
caused  significant  mortalities  greater  than  50%.  Sediment  blanketing 
of  below  0.45  mm  (the  bottom  half  or  less  of  an  egg  would  be  in  the 
sediment)  docs  not  resalt  in  significant  mortalities  (Fig.  3). 

Developmental  rates  of  white  perch  eggs  were  lowered  significantly 
at  a sediment  thickness  of  over  0.8  mm.  In  those  eggs  that  had  been 
exposed  to  a sediment  thickness  of  2 mm  or  greater,  development  was  less 
than  607<>  of  the  control.  The  majority  of  eggs  died  at  the  late  morula- 
early  gastrula  stage. 
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The  effects  of  high  suspended  sediment  levels  on  striped  bass 
and  white  perch  larvae  were  determined  by  a series  of  acute  bioassays. 

Generally,  these  assays  were  either  of  a one  or  two-day  exposure.  Some 
6-hr  exposures  of  larvae  to  high  sediment  levels  were  also  run,  but  these 
short  exposures,  even  to  suspended  sediment  levels  of  5200  ppm,  did  not 
result  in  detectable  mortality  for  either  striped  bass  or  white  perch 
larvae. 

Levels  of  1626  to  5380  ppm  of  suspended  sediment  resulted  in  white 
perch  larval  mortality  ranging  from  27.3  to  29.3  per  cent  (Fig.  4)  for  J 

a one-day  exposure.  There  was  a significant  linear  regression  of  mortality 
versus  seston  concentration  (Table  1)  after  pooling  the  sums  of  squares 
attributed  to  deviations  from  regression  and  the  error  sum  of  squares. 

The  significant  deviations  from  regression  (for  three  of  the  sediment 
bioassays)  were  a result  of  either  heterogeniety  around  the  regression 
line  or  a possible  curvelinear  function  rather  than  a linear  function 
(Sokal  and  Rohlf,  1969).  One  possible  way  to  eliminate  some  of  these 
significant  deviations  from  regression  would  have  been  to  have  more  experi- 
mental values  in  the  lower  seston  ranges. 

I 

White  perch  exposed  to  seston  levels  of  1626  to  5380  ppm  for  two  days  had 

I 

mortality  rates  of  22.6  to  62.0  per  cent  (Fig.  4).  Again  there  was  a sig- 
nificant linear  regression  (Table  1)  of  larval  mortality  to  seston  level. 

Calculation  of  the  J.D,jq  ^or  ^-"^ay  anc*  for  2-day  exposures  from  the 
regression  equations  indicated  that  seston  levels  of  11,642.4  ppm  at  one 

day  and  of  2679.5  ppm  for  two  days  would  kill  50  per  cent  of  a larval  < 

white  perch  population. 

I 

l 
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Similar  results  were  obtained  for  the  effects  of  suspended  sediment 
on  larval  striped  bass  (Fig.  5).  Sediment  levels  from  1557  to  5210  ppm 
caused  striped  bass  mortalities  ranging  from  20.0  to  27.3  per  cent  for  a 
one-day  exposure  and  38.7  to  66.0  per  cent  for  a two-day  exposure.  There 
was  a significant  regression  of  striped  bass  larval  mortality  to  suspended 
sediment  levels  (Table  2)  for  both  the  one-and  two-day  exposures. 

To  kill  50  per  cent  of  a larval  striped  bass  population  in  one  day, 
sediment  loads  of  7845.8  ppm  must  be  present.  The  LD^q  for  a two-day 
exposure  is  3411.0  ppm. 

It  should  be  pointed  out  now  that  all  of  the  assays  for  sediment  effects 
on  either  larval  striped  bass  or  white  perch  were  simply  acute  bioassays. 
Longer  exposures  to  lower  suspended  sediment  concentrations  could  result 
in  significant  mortalities.  It  may  be  necessary  to  modify  the  experi- 
mental tanks,  for  either  longer  acute  exposures  or  chronic  experiments, 
by  providing  a food  delivery  system  for  the  larvae. 

DISCUSSION 

At  the  present,  there  is  little  information  on  the  effect  of  suspended 
materials  on  the  development  of  fish  eggs  and  larvae.  Sherk  (1971)  comments 
on  only  four  papers  concerning  fish  eggs  and  larvae  and  either  suspended 
or  deposited  sediments.  One  of  these  papers  was  by  Bayliss  (1968)  who  ob- 
served that  striped  bass  eggs  hatch  better  on  "cleaner"  types  of  bottom 
materials  such  as  sand  rather  than  mud.  Obviously,  striped  bass  eggs  in 
nature  seldom  spend  all  of  their  time  incubating  on  bottom  materials  but 


are  carried  by  currents. 
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Recently,  Schubel  and  Wang  (1973)  have  studied  the  effects  of  sus- 
pended sediment  on  the  per  cent  hatch  of  a number  of  estuarine  spawners 
including  the  white  perch  and  striped  bass.  They  found  that  suspended 
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sediment  concentrations  up  to  500  ppm  had  no  effect  on  the  hatching 
success  of  white  perch  or  striped  bass  and  that  there  was  a frequent 
delay  in  hatch  of  the  eggs  when  exposed  tc  Pediment  levels  over  100  ppm. 

Our  work  at  both  comparable  and  higher  levels  of  sediment  support  their 
conclusions  (Fig.  1 and  2).  However,  development  rate,  expressed  as  per 
cent  control  ranked  development,  was  always  lower  than  control  develop- 
ment even  at  50  ppm  sediment  for  striped  bass  (Fig.  2).  We  observed 
significant  changes  in  per  cent  control  ranked  development  at  seston 
levels  of  approximately  2000  ppm  and  higher  for  white  perch  eggs  (Fig.  1). 

The  C and  D Canal  is  in  a turbid  area  (Flemer,  1969).  With  permission 
from  Dr.  Jerry  Schubel,  CBI,  we  were  able  to  examine  some  of  his  data 
for  the  C and  D Canal  region  in  1971  (Table  3 and  Fig.  6).  We  emphasized 
the  stations  for  the  March  1971  period.  Values  for  the  surface  are  gener- 
ally lower  than  the  seston  levels  at  ten  meters.  Seston  levels  are  high 
during  the  March  period  for  all  stations  in  the  canal  area  and  are  consider- 
ably lower  than  those  observed  at  Grove  Point  (Table  3) . An  extreme  value 
of  seston  was  observed  on  11  March  1971  at  CD  5 (Lorewood  Grove)  of  1043.5 
ppm.  Later  in  the  year,  a seston  load  of  2703.1  ppm  was  recorded  at  CD  3 
at  a depth  of  11.5  m.  (CD  3 is  west  of  Summit  Bridge.)  These  very  high 
values  may  reflect  dredging  activities  and  not  natural  conditions. 

We  measured  seston  levels  for  selected  stations  in  the  canal  area  in 
1972  (Fig.  6 and  Table  4).  The  values  were  lower  than  those  reported  by 
Schubel  for  the  same  general  area.  However,  we  were  sampling  only  at  the 
surface.  All  but  one  of  our  observations  were  below  100  ppm,  whereas 
Schubel' s seston  values  tend  to  be  higher. 
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The  sediment  load  present  in  the  canal,  even  during  dredging  operations, 
does  not  appear  to  be  a factor  influencing  striped  bass  hatch  and  subsequent 
survival  as  larvae.  Both  the  egg  and  larva  are  resistant  to  high  sediment 
levels,’  however,  we  must  qualify  this  statement  by  stating  that  long-term 
chronic  exposures  should  be  performed. 

Typically,  the  white  perch  egg  is  demersal  although  it  may  be  dislodged 
from  its  attachment.  The  sediment  load  in  the  canal  does  not  affect  the 
hatch  of  white  perch.  We  feel  that  the  amount  of  deposited  sediment  can 
influence  per  cent  hatch  of  white  perch  as  illustrated  in  Fig.  3.  Again,  we 
must  point  out  that  a significant  egg  mortality  would  have  to  be  the  result 
of  sediment  being  deposited  at  a rate  greater  than  1 mm  in  about  two  days, 
the  time  to  hatch  from  fertilization  for  white  perch  (Mansueti,  1964).  White 
perch  eggs  can  complete  development  and  hatch  even  if  completely  covered  by 
silt  (Fig.  3).  Larval  white  perch  were  also  resistant  to  high  suspended 
sediment  concentrations.  We  feel  that  white  perch  eggs  and  larvae  have 
evolved  to  a type  of  estuarine  existence  consistent  with  their  spawning  be- 
ha"1  -or.  The  demersal  adhesive  eggs  of  the  white  perch  are  constantly  in 
contact  wi*h  high  sediment  levels  although  tidal  currents  may  serve  to  pre- 
vent suffocation  of  the  eggs.  The  white  perch  egg  is  fixed  to  the  substrate 
such  that  some  abrasion  from  suspended  sediments  may  occur. 

Both  Talbot  (1966)  and  Mansueti  (1961)  have  pointed  out  that  striped 
bass  are  adapted  to  silt-laden  and  turbid  waters.  Again,  the  resistance 
of  striped  bass  eggs  and  larvae  to  high  suspended  concentrations  may  be  a 
factor  in  their  success. 

Presently,  dredging  operations  may  be  adding  to  the.  sediment  load  in 
the  canal  region.  With  completion  of  the  dredging  except  for  maintenance, 
the  seston  levels  may  stabilize  and  become  more  subject  to  the  physical 
characteristics  of  the  canal  area. 
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The  canal  area  lies  in  a high  turbidity  area  which  is  governed  by 
freshwater  input  and  climatological  conditions.  These  factors  probably 
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govern  the  seston  load  in  the  upper  Chesapeake  Bay  more  than  any  influence 
from  current  dredging  operations. 

In  the  C and  D Canal  proper,  the  increased  water  velocity  (Pritchard 
and  Cronin,  1971)  may  contribute  to  maintaining  a higher  seston  load  in  the 
canal  and  its  approaches.  However,  the  higher  seston  load  may  lower  the 
mortality  of  the  striped  bass  larvae.  The  decreased  visibility  from  the  ses- 
ton in  the  canal  area  may  result  in  less  predation  in  the  striped  bass  larvae. 

ACKNOWLEDGMENTS 

We  wish  to  thank  all  of  the  people  who  assisted  us  during  this  study. 
However,  the  views  and  the  information  assembled  in  this  report  are  our 
sole  responsibility. 

Thanks  go  to  Drs.  L.  Eugene  Cronin,  Ted  S.  Y.  Koo,  Robert  K.  Johnson, 
Joseph  O'Connor,  Jerry  Schubel,  and  Robert  Biggs.  We  wish  to  thank  Melvin 
Beaven,  John  Cooper,  Nona  Henderson,  Sue  Morgan,  Ruth  Wilson,  Fran  Younger, 
Mike  Reber,  Andrew  Auld,  Jerry  Cox,  Tom  Johnson,  Charles  Main,  and  Terry 


Peterson. 


10. 


LITERATURE  CITED 

Bayliss,  J.  D.  1968.  Striped  bass  hatching  and  hybridization  experiments. 
Ann.  Conf.  S.  E.  Game  Fish  Comm.,  Proc.  21:233-244. 

Cairns,  J.,  Jr.  1968.  Suspended  solids  standard  for  the  protection  of 
aquatic  organisms.  Purdue  University  Eng.  Bull.  No.  129,  Part  I, 
p.  16-27. 

Flemer,  D.  A.  1969.  Phytoplankton.  Project  B.  Ref.  No.  69-15.  15  p. 

In:  Chesapeake  Biological  Laboratory.  1970.  Gross  physical  and 
biological  effects  of  overboard  spoil  disposal  in  upper  Chesapeake 
Bay.  Final  Report  to  the  U.  S.  Bureau  of  Sport  Fisheries  and  Wild- 
life (Contract  14-16-0005-2096).  Ref.  No.  70-3. 

Johnson,  R.  K.  1972.  Production  and  distribution  of  fish  eggs  and  larvae 
in  the  Chesapeake  and  Delaware  Canal  - Final  Report.  Corps  of 
Engineers  Contract  No.  DACW  61-71-C-0062. 

Mansueti,  R.  J.  1961.  Effects  of  civilization  on  striped  bass  and  other 
estuarine  biota  in  Chesapeake  Bay  and  tributaries.  Proc.  Gulf 
Caribbean  Fish.  Inst.  Fourteenth  Annual  Session,  p.  110-136. 

. 1964.  Eggs,  larvae  and  young  of  the  white  perch,  Roccus 

americanus . with  comments  on  its  ecology  in  the  estuary.  Chesapeake 
Sci.  5(1-2) :3-45. 

Morgan  II,  P.  P.,  and  V.  J.  Rasin,  Jr.  1973.  Effects  of  salinity  and 
temperature  on  the  development  of  eggs  and  larvae  of  striped  bass 
and  white  perch.  Final  Report.  Corps  of  Engineers  Contract  No. 

DACW  61-71-C-0062. 


11. 


Pritchard,  D.  W.,  and  L.  E.  Cronin.  1971.  Chesapeake  and  Delaware  Canal 
environment.  Amer.  Soc.  Civil  Eng.  Natl.  Water  Res.  Eng.  Meeting, 
Phoenix,  Arizona.  14  Jan.  1971.  Nat.  Res.  Inst.  Contr.  No.  447.  26  p. 

Schubel,  J.  R.,  and  J.  C.  S.  Wang.  1973.  The  effects  of  suspended  sedi- 
ment on  the  hatching  success  of  Perea  f lavescens  (yellow  perch),  Morone 
americana  (white  perch),  Morone  saxatilis  (striped  bass)  and  Alosa 
pseudoharengus  (alewife)  eggs.  Chesapeake  Bay  Institute,  JHU,  Spec. 

Report  30,  Ref.  No.  73-3.  77  p. 

, E.  W.  Schiemer,  and  G.  W.  Schmidt.  1972.  A laboratory  apparatus 

for  maintaining  uniform  suspensions  of  fine-grained  sediment.  Chesa- 
peake Sci.  13(2) : 154-156 . 

Sherk,  J.  A.,  Jr.  1971.  The  effects  of  suspended  and  dissolved  sediments 


on  estuarine  organisms.  Literature  Summary  Research  Needs  Contr. 
No.  443.  Nat.  Res.  Inst. 


, and  L.  E.  Cronin.  1970.  The  effects  of  suspended  and  deposited 

sediments  on  estuarine  organisms.  An  annotated  bibliography  of 


selected  references.  Ref.  No.  70-19.  Nat.  Res.  Inst. 

Sokal,  R.  R. , and  F.  J.  Rohlf.  1969.  Biometry.  W.  H.  Freeman,  San 
Francisco,  Calif.  776  p. 


Talbot,  G.  B.  1966.  Estuarine  environmental  requirements  and  limiting 
factors  for  striped  bass.  Amer.  Fish.  Soc.  Spec.  Publ.  3:37-49. 


12 


I 

Table  1.  Analysis  of  variance  for  the  regression  of  white  perch  larval 
■ mortality  on  suspended  sediment  concentration. 


■ ■ 

_ One-Day  Exposure 

■ Source 

df 

SS 

MS 

F1 

FP2 

| Among 

4 

326.72 

81.68 

7.19 

• Linear  Regression 

1 

127.05 

127.05 

1.91  ns 

5.27 

Deviations  from  Regression 

3 

199.67 

66.56 

5.86 

j Within  (Error) 

10 

113.48 

11.35 

\ Total 

14 

440.20 

| Two-Day  Exposure 

! 

Source 

df 

SS 

MS 

F1 

FP2 

Among 

4 

1225.38 

306.34 

13.03 

Linear  Regression 

1 

901.52 

901.52 

8.35 

20.96 

Deviations  from  Regression 

3 

323.86 

107.95 

4.59 

Within  (Error) 

10 

235.07 

23.51 

Total 

14 

If (4, 10)  = 3.48;  F(l,10)  = 4.96;  F(3,10)  = 3.71;  at  5%level  of  probability. 

2pp  = p value  for  linear  regression  after  the  sums  of  squares  for  deviations 
from  regression  and  within  are  pooled. 
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Table  2.  Analysis  of  variance  for  the  regression  of  striped  bass  larval 
mortality  on  suspended  sediment  concentration. 
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Table  4.  Seston  levels  in  ppra  for  Chesapeake  Biological  Laboratory  stations 
in  the  C and  D Canal  region  for  1972.  The  station  locations  are 
shown  in  Fig.  6.  All  values  are  for  surface  samples. 


Date 


Station 

27  Jan 

1 Mar 

16  Mar 

27  Mar 

4 Apr 

6 June 

15  June 

E-l 

50.6 

60.1 

25.4 

23.0 

15.7 

E-3 

71.8 

E-5 

60.0 

74.4 

46.8 

27.4 

24.3 

C-l 

33.2 

30.3 

C-2 

72.1 

19.6 

19.9 

95.0 

C-4 

58.9 

68.6 

C-5 

34.9 

27.4 

74.2 

C-6 

56.9 

C-8 

68.0 

86.5 

63.3 

33.6 

35.4 

249.3 

R-10 

50.2 

51.4 

62.5 

54.1 

35.0 

40.2 

C-27 

41.8 

46.5 

150.1 

N2N 

32.0 

41.5 

1 
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Fig.  1.  The  effects  of  suspended  sediment  on  the  eggs  of 
white  perch  expressed  as  per  cent  of  control  hatch  and  per  cent  of 
ranked  development  of  the  control  group.  Each  point  represents  the 
mean  of  at  least  three  replicates  (in  some  cases,  nine  replicates). 
The  coefficients  of  variation  for  all  of  the  experiments  were  usually 
10  per  cent  or  less. 


Fig.  2.  The  effect  of  suspended  sediments  on  the  eggs  of 
striped  bass  expressed  as  per  cent  of  control  hatch  and  per  cent  of 

ranked  development  of  the  control  group.  Each  point  represents  the 

mean  of  at  least  three  replicates. 


Fig.  3.  The  effects  of  sediment  blanketing  on  white  perch 
eggs  expressed  as  per  cent  of  control  hatch  and  per  cent  of  control 
ranked  development.  Each  point  is  the  mean  of  three  replicates. 


WHITE  PERCH  EGGS 


SEDIMENT  THICKNESS  (mm) 


Fig.  4.  The  effect  of  various  suspended  sediment 
concentrations  on  the  per  cent  mortality  of  larval  white 
perch. 


WHITE  PERCH  LARVAE 


Fig.  5.  The  effect  of  various  suspended  sediment 
concentrations  on  the  per  cent  mortality  of  larval  striped 


bass. 


Fig.  6.  The  location  of  seston  stations  of  the 
Chesapeake  Bay  Institute  and  Chesapeake  Biological  Laboratory 
in  the  C and  D Canal  area.  Not  all  CBL  stations  were  sampled 
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